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3HUYDSRUDWLYHGHK\GUDWLRQRIELRHWKDQROXVLQJVLOLFDDQG39$PHPEUDQHV$QDO\VLVRI
SHUPHDWLRQSHUIRUPDQFHVDQGHIIHFWRIYRODWLOHRUJDQLFLPSXULWLHV
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,QWURGXFWLRQ
+\GURSKLOLF PHPEUDQH SHUYDSRUDWLRQ LV ODUJHO\ GHVFULEHG DV D SURPLVLQJ DOWHUQDWLYH WR
PROHFXODUVLHYHVDQGD]HRWURSLFGLVWLOODWLRQWKHRUGLQDU\WHFKQLTXHVIRUHWKDQROGHK\GUDWLRQ
 3HUYDSRUDWLRQ LV FRQVLGHUHG DV PRUH IOH[LEOH FOHDQHU DQG OHVV HQHUJ\ FRQVXPLQJ
WHFKQRORJ\
6ROYHQW GHK\GUDWLRQ LQFOXGLQJ HWKDQRO XVLQJ SHUYDSRUDWLRQ KDV EHHQ VWXGLHG E\ VHYHUDO
DXWKRUV      7KUHH PDMRU W\SHV RI PHPEUDQHV KDYH EHHQ VWXGLHG L RUJDQLF
SRO\PHULF PHPEUDQHV LL LQRUJDQLF FHUDPLF PHPEUDQHV DQG LLL K\EULG PHPEUDQHV WKDW
FRYHUSRO\PHULFDVZHOODVLQRUJDQLFPHPEUDQHV
'XULQJ WKH ODVW  \HDUV FRQVLGHUDEOHHIIRUWVKDYH EHHQSXW LQ WKH GHYHORSPHQW RI LQRUJDQLF
DQGK\EULGPHPEUDQHVDVWKH\VKRZDEHWWHUFKHPLFDOK\GURWKHUPDODQGPHFKDQLFDOVWDELOLW\
DQGDUHIUHHRIVZHOOLQJ([WHQVLYHUHVHDUFKZRUNVKDYHEHHQIRFXVHGRQRSWLPL]DWLRQRI
PHPEUDQHPDWHULDODQGRSHUDWLRQSDUDPHWHUVWRPD[LPL]HSHUPHDWLRQIOX[DQGZDWHUVHOHFWLYLW\
+RZHYHUPRVWRIWKHVHZRUNVUHSRUWHGSHUPHDWLRQGDWDZLWKRXWV\VWHPDWLFDOO\DQDO\]LQJ
WKH FRQWULEXWLRQ RI WKH LQWULQVLF SDUDPHWHUV LH PHPEUDQH SHUPHDELOLW\ DGVRUSWLRQGLIIXVLRQ
WKURXJKWKHPHPEUDQHDQGGULYLQJIRUFH
3RO\PHULFPHPEUDQHV UHPDLQ WKHPRVW ZLGHO\ XVHG IRU SHUYDSRUDWLRQ LQ WKH LQGXVWU\ 7KHVH
PHPEUDQHV DUH DWWUDFWLYH EHFDXVH RI WKHLU HFRQRPLFDO DQG IDEULFDWLRQ DGYDQWDJHV3RO\PHUV
VXFKDVFURVVOLQNHGSRO\YLQ\ODOFRKRO39$SRO\LPLGHDQGSRO\DFU\OLFDFLGDUHVRPHRI WKH
PDWHULDOV XVHG IRU WKH GHK\GUDWLRQ RI HWKDQRO DQG RWKHU VROYHQWV  3HUPVHOHFWLYLW\
SHUIRUPDQFHVRISRO\PHULFPHPEUDQHVDUHZLGHO\UHSRUWHGLQWKHOLWHUDWXUH0RVWRIVWXGLHV
ZHUHSHUIRUPHGXVLQJELQDU\ZDWHUHWKDQROPL[WXUH WKDWKDVXQGHUJRQHVHYHUDOGLVWLOODWLRQV WR
UHPRYH YRODWLOH RUJDQLF FRPSRXQGV 92&V LPSXULWLHV (WKDQRO REWDLQHG IURP DJULFXOWXUDO
UHVLGXHV DQG OLJQRFHOOXORVLF ELRPDVV FRQWDLQV KLJK DPRXQW RI LPSXULWLHV PDLQO\ 92&V )RU
H[DPSOHWKHIHUPHQWDWLRQRIJUDSHPDUFSURGXFHVELRHWKDQROWKDWFRQWDLQVXSWRSSPRI
PHWKDQRO DQG VRPH DOGHK\GHV DQG HVWHUV LQ VPDOOHU TXDQWLWLHV ZKLFK FDQPRGLI\ WKH SHUP
VHOHFWLYLW\ RI SRO\PHULF PHPEUDQHV /LWWOH LV NQRZQ DERXW WKH SHUIRUPDQFH RI SRO\PHULF
PHPEUDQHVLQFRQWDFWZLWKFRPSOH[PL[WXUHVLHFRQWDLQLQJ92&V
7KLVZRUNZDV DLPHG WR VWXG\ WKH SHUIRUPDQFH RI D VLOLFD DQG39$ FRPPHUFLDOPHPEUDQHV
XVHGIRUWKHGHK\GUDWLRQRIELRHWKDQROZLWKDFORVHUORRNRQPDVVWUDQVIHUFRHIILFLHQWVYDULDWLRQ
DVDIXQFWLRQRIIHHGWHPSHUDWXUHSHUPHDWHSUHVVXUHDQGZDWHUFRQWHQWLQWKHIHHG,QWKHFDVH
RIWKH39$PHPEUDQHDVSHFLDOIRFXVZDVPDGHRQWKHHIIHFWRIPHWKDQROVHOHFWHGDVDILUVW
PRGHO92&
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39$6XO]HU&KHPWHFK IODW VXUIDFHDUHDRIFPðDQG0H6, 0HWK\ODWHG
VLOLFLXP 3HUYDWHFK VXUIDFH DUHD RI  FPð ZHUH WKH WZR PHPEUDQHV XVHG 7KH SHUPHDWH
VWUHDP ZDV FRQGHQVHG XQGHU YDFXXP LQWR WZR SDUDOOHO FROG WUDSV VHW DW & 3HUPHDWH
VDPSOHV ZHUH WKHQ FROOHFWHG DQG ZHLJKWHG RXW )RU HDFK H[SHULPHQW  NJ RI D]HRWURSLF
ELRHWKDQROZZZDVXVHG0HWKDQROZZZDVDGGHGIRUVRPHH[SHULPHQWVZLWK39$
PHPEUDQH)OX[HVDQGVHOHFWLYLW\ZHUHFDOFXODWHGDVIROORZLQJ
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ZKHUH-LVWKHWRWDOSHUPHDWHIOX[PWKHPDVVRIWKHSHUPHDWH$WKHPHPEUDQHVXUIDFHDUHD
DQGWWKHSHUPHDWLRQWLPH:LSDQG:MSDUHUHVSHFWLYHO\WKHZHLJKWIUDFWLRQVRIFRPSRQHQWLDQG
MLQWKHSHUPHDWH:LIDQG:MIDUHUHVSHFWLYHO\WKHZHLJKWIUDFWLRQVRIFRPSRQHQWLDQGMLQWKH
IHHG
3DUWLDOIOX[HVZHUHFDOFXODWHGXVLQJWKHWRWDOIOX[DQGWKHZHLJKWIUDFWLRQRIHDFKFRPSRQHQWLQ
WKHSHUPHDWH)RUDNQRZQSDUWLDOIOX[WKHDSSDUHQWWUDQVIHUFRHIILFLHQW.DSSZDVREWDLQHGDIWHU
GHWHUPLQLQJWKHGULYLQJIRUFHΔSL SLISLSZKHUHSLILVWKHSDUWLDOSUHVVXUHRIFRPSRQHQWLLQWKH
IHHGFDOFXODWHGXVLQJWKHH[WHQVLYH5DRXOW¶VODZDQGSLSLVWKHSDUWLDOSUHVVXUHRIFRPSRQHQWL
LQWKHSHUPHDWHFDOFXODWHGXVLQJWKH'DOWRQ¶VODZ'LDQG6LDUHWKHGLIIXVLYLW\DQGWKHVRUSWLRQ
FRHIILFLHQW RI WKH FRPSRQHQW L LQWR WKH PHPEUDQH ] LV WKH PHPEUDQH WKLFNQHVV XQGHU
SHUYDSRUDWLRQFRQGLWLRQV
:DWHUFRQFHQWUDWLRQLQIHHGDQGUHWHQWDWHVDPSOHVZDVGHWHUPLQHGXVLQJ.DUO)LVFKHUWLWUDWLRQ
(WKDQRO FRQFHQWUDWLRQ LQ SHUPHDWH VDPSOHV ZDV GHWHUPLQHG E\ +3/& DQDO\VLV 0HWKDQRO
FRQFHQWUDWLRQZDVPHDVXUHGE\JDVFKURPDWRJUDSK\

5HVXOWVDQG'LVFXVVLRQ

7DEOH3HUYDSRUDWLRQRIHWKDQROZDWHUPL[WXUHZZRIHWKDQROXVLQJPHWK\ODWHGVLOLFLXP
PHPEUDQH3HUPHDWHSUHVVXUHZDVVHWDW3D
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7KHFDOFXODWLRQRIGULYLQJIRUFHΔSLDQGWUDQVIHUFRHIILFLHQWPDNHVLWSRVVLEOHWRHYDOXDWHWKHLU
FRQWULEXWLRQLQWKHSDUWLDOIOX[7DEOHVKRZVWKDWIRUHWKDQROWKHSDUWLDOIOX[-HWKDQROLVPDLQO\
GHWHUPLQHGE\WKHKLJKPDJQLWXGHRIGULYLQJIRUFHZKLFKFRPHVIURPLWVKLJKSDUWLDOSUHVVXUHLQ
WKHIHHGPL[WXUH)RUZDWHU WKHKLJKWUDQVIHUFRHIILFLHQWSURGXFHVDVLJQLILFDQWO\KLJKHU IOX[ LQ
FRPSDULVRQZLWKHWKDQRO7KH LQFUHDVH LQ WHPSHUDWXUH LQGXFHVKLJK LQFUHDVH LQGULYLQJIRUFHV
PDLQO\ EHFDXVH RI WKH LQFUHDVH LQ ZDWHU DQG HWKDQRO SDUWLDO SUHVVXUHV LQ WKH IHHG ZLWKRXW
VLJQLILFDQWO\PRGLI\LQJ WKH WUDQVIHU FRHIILFLHQWV7KHVH UHVXOWV LQGLFDWH WKDW WKHDGVRUSWLRQDQG
GLIIXVLRQSKHQRPHQDDUHQRWVLJQLILFDQWO\PRGLILHGDVD IXQFWLRQRI WHPSHUDWXUH IRU WKH0H6L
PHPEUDQH
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7DEOH3HUYDSRUDWLRQRIHWKDQROZDWHUPL[WXUH ZZRIHWKDQRO XVLQJ39$PHPEUDQH
ZLWK RU ZLWKRXW  ZZPHWKDQRO LQ WKH IHHG 7KH IHHG WHPSHUDWXUH DQG SHUPHDWH SUHVVXUH
ZHUHVHWDW&DQG3DUHVSHFWLYHO\
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)URPFRPSDULVRQEHWZHHQWDEOHVDQGIRUWKHVDPHRSHUDWLRQDQGIHHGWHPSHUDWXUHDW&
LW DSSHDUV WKDW WKH0H6LPHPEUDQHVKRZHGEHWWHU SHUPVHOHFWLYLW\SHUIRUPDQFHV WKDQ WKRVH
REWDLQHG IRU 39$ PHPEUDQH ,QGHHG WKH HWKDQRO DQG ZDWHU GULYLQJ IRUFHV IRU WKLV ODWWHU
PHPEUDQHZHUHZHLJKWHGE\ORZHUWUDQVIHUFRHIILFLHQWVZLWKUHJDUGWRWKH0H6LPHPEUDQH
7DEOHVKRZVWKDWZDWHUDQGHWKDQROSHUPHDWLRQIOX[HVZHUH LQFUHDVHGDIWHUDGGLQJZZ
PHWKDQROWRWKHIHHG7KHLQFUHDVHLQHWKDQROIOX[ZDVPRUHQRWLFHDEOHWKDQWKDWREVHUYHGIRU
ZDWHU7KHUHVXOWLQJVHOHFWLYLW\IRUZDWHUZDVWKHQGHFUHDVHGZLWKUHJDUGWRWKHELQDU\PL[WXUH
7KHVHUHVXOWVDUHGLUHFWO\UHODWHGWRWKHLQFUHDVHLQWUDQVIHUFRHIILFLHQWRIERWKZDWHUDQGHWKDQRO
ZKHQ PHWKDQRO LV DGGHG 0RUHRYHU PHWKDQRO PROHFXOHV GLG QRW VHHP WR LQGXFH DQ\
FRPSHWLWLRQ HIIHFW ZLWK UHJDUG WR ZDWHU DQG HWKDQRO PROHFXOHV %HFDXVH RI LWV ORZ GLIIXVLYH
FURVVVHFWLRQDQGK\GURSKRELFLW\PHWKDQROZRXOGEHFRQVLGHUHGWRKDYHEHWWHUVRUSWLRQ
DQGGLIIXVLRQWKDQHWKDQRODVUHSRUWHGLQOLWHUDWXUHIRUELQDU\DOFRKROZDWHUPL[WXUHV,QWKLV
ZRUN WKH WUDQVIHUFRHIILFLHQW IRUPHWKDQROZDV ORZHU WKDQ WKDWREWDLQHG IRUHWKDQRODQGZDWHU
DQGWKHUHVXOWLQJVHOHFWLYLW\IRUPHWKDQROZLWKUHJDUGWRHWKDQROZDVQHDUGDWDQRWVKRZQ,W
LVWKHQVXJJHVWHGWKDWPHWKDQROPROHFXOHVZRXOGEHSODVWLFL]HGLQVLGHWKHPHPEUDQHLQGXFLQJ
PRGLILFDWLRQ RI PHPEUDQH VWUXFWXUH DQG VZHOOLQJ GHJUHH LQ D ZD\ WKDW LQFUHDVHV WKH
SHUPHDELOLW\ 'L[6L WRZDWHUDQGHWKDQRO7KLVK\SRWKHVLV LVVXSSRUWHGE\GDWD IURP OLWHUDWXUH
DERXWWKHKLJKHUGHQVLW\RI+ERQGVEHWZHHQ39$DQGPHWKDQROLQFRPSDULVRQZLWKZDWHUDQG
HWKDQROPROHFXOHV)XUWKHUZRUNLVQHHGHGWREHWWHUXQGHUVWDQGWKHVHSKHQRPHQDE\XVLQJ
RWKHU92&VZLWKVHOHFWHGWKHUPRG\QDPLFSURSHUWLHVDQGE\PRGHOLQJWKHPHPEUDQHPROHFXODU
G\QDPLFV
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